The polymorphism of the thymidine kinase (TK) gene of herpes simplex virus type 1 (HSV-1) was analyzed and was compared with the restriction fragment length polymorphism (RFLP) of the whole genome to evaluate the relative efficiency of the TK gene as a potential probe for identification and discrimination of HSV-1. The effectiveness of using the polymorphism of the TK gene in classifying HSV-1 strains was comparable to that of RFLP analysis of 66 sites, suggesting that TK gene sequencing may have important applications in epidemiological studies of HSV-1.
Several studies have examined genomic variation in herpes simplex virus (HSV) type 1 (HSV-1) species by restriction fragment length polymorphism (RFLP) analysis (1, 11) . The results of such genomic analysis demonstrated various epidemiological applications, including identification of the infectious route in some clinical cases (6, 12 ; B. Roizman and M. Tognon, Letter, Lancet i:677, 1982). However, the RFLP assay is relatively difficult and troublesome, as it requires the identification of numerous DNA fragments that range in size from a few hundred base pairs to over 10 kbp and that must be analyzed on a single gel. We considered DNA sequencing to be an easier method of studying the genomic variation of HSV-1, since recent developments in PCR and with automatic sequencers have vastly improved DNA sequencing techniques in terms of the ease of use as well as efficiency and cost-effectiveness.
The thymidine kinase (TK) of HSV-1 is one of the key enzymes in the determination of susceptibility to acyclovir (ACV), which is widely used for the treatment of HSV infections (4, 5, 7, 17) . The frequency of nucleotide substitutions per 1 kb of the TK gene was 2.5 to 4.3 times higher than those of the genes for three other enzymes, DNase, protein kinase (UL13), and virion host shutoff protein (UL41), of HSV-1 (2); and the average number of nucleotide differences in the TK genes of Japanese isolates was 3.3 per 1,131 bp (9) . This value was comparable to that estimated from the results of RFLP assay of the whole genome, including open reading frames and noncoding regions (14) , suggesting that the HSV-1 TK gene is a relatively highly polymorphic gene. On the basis of these results, we compared the nucleotide sequence polymorphism of the TK gene and the RFLP of the genomic DNA of HSV-1 to evaluate the relative efficiency of the TK gene as a target for detailed epidemiological study of HSV-1.
Virus strains. For this study, we used 63 clinical isolates of HSV-1 from epidemiologically unrelated Japanese patients, comprising 41 patients with herpetic keratitis, 19 patients with herpetic dermatitis, 2 patients with genital herpes infection, and 1 patient with herpes simplex encephalomeningitis. In order to exclude TK mutants, which are inappropriate for polymorphism analysis of TK genes, the susceptibilities of the HSV-1 strains to ACV were determined by a plaque reduction assay with Vero cells. Plaque formation by the 63 isolates tested was completely inhibited by 5 g of ACV per ml; therefore, we concluded that all isolates were susceptible to ACV and encoded wild-type TK (3).
Sequences of the TK genes of the isolates. The nucleotide sequences of the TK genes of the 63 HSV-1 isolates were determined by a PCR-directed sequencing method with primers that have been described previously (15) . While there were no deletions or insertions, nucleotide substitutions at 38 positions that resulted in amino acid substitutions at 19 codons were observed in the TK genes analyzed. The 63 isolates were classified into 25 groups in accordance with the nucleotide sequences of their TK genes. Of the 25 groups, 17 groups included only 1 isolate, and the most common sequence was observed in 15 isolates and the second most common sequence was observed in 11 isolates. The average number of nucleotide substitutions in the TK gene was 4.3 per 1,131 bp for the Japanese isolates, and the value of nucleotide diversity was 0.0038 (4.3 of 1,131 bp). This value was very close to the nucleotide diversity value for the whole HSV-1 genome (0.0037), estimated from the results of an RFLP assay with Japanese isolates (9, 14) .
Comparison of TK gene polymorphism and RFLP. The effectiveness of the polymorphism of the TK gene for its use as a probe for the identification and discrimination of HSV-1 strains was evaluated by comparison of the TK gene polymorphism with the RFLP of the whole genome. Eleven pairs of primers were designed (Table 1 ) and were then used for PCR amplification of about 85% of a long unique region. Each amplified fragment was digested with BamHI, KpnI, and SalI and was electrophoretically analyzed on a 1.0% agarose gel. The numbers of restriction enzyme cleavage sites and groups classified by RFLP analysis are summarized in Table 2 . Use of a combination of the three restriction enzymes classified 63 isolates into 33 groups, with the largest group consisting of 13 isolates (21% of 63 isolates), the second largest group consisting of 7 isolates (11%), and the third largest group consisting of 6 isolates (10%). The largest group showed an RFLP pattern identical to that of genotype F1, which is one of the two predominant genotypes in Japan (22%), and the RFLP pattern of the third largest group was similar to that of genotype F35, which is the other major genotype (9.4%) (16) . This indicated that the results obtained for the 63 isolates might reflect the average for strains from Japanese individuals.
The numbers of sites analyzed and groups classified by RFLP analysis showed a good linear relationship (r 2 ϭ 0.93, slope ϭ 0.38; Fig. 1 ). According to this regression curve, the classification of 63 isolates into 25 groups, which was the number of groups obtained by use of the TK gene sequence, required the analysis of 66 sites by RFLP analysis. The combination of TK gene polymorphism and RFLP allowed a more detailed classification of the 63 isolates, such as their further subclassification into 41 groups by use of the three restriction enzymes and the TK gene sequence ( Table 2) . Analysis of the correlation between the TK gene polymorphism and RFLP of the whole genome revealed a low level of correlation between these two parameters (correlation coefficient, 0.48), which explains the effective classification of strains according to their combination described above.
Epidemiological analysis by the use of RFLP is a common and established method for the analysis of microorganisms. However, a study on the interlaboratory reproducibility of typing of Mycobacterium tuberculosis strains by RFLP analysis reported large discrepancies in the quality of RFLP assays among laboratories due to differences in resolution, use of reference markers, and use of computer-assisted analysis (8) . In contrast, DNA sequencing is a more objective and accurate method, and the sequence data can be registered in a database like GenBank. By consideration of these merits, DNA sequencing of useful target genes could become a convenient method of epidemiological analysis.
We chose the TK gene as a target for epidemiological testing of HSV-1, after considering not only the polymorphism of the gene but also the importance of screening for clinical TK mutants. Analysis of the nucleotide sequences of the TK gene   FIG. 1. Correlation between the number of tested restriction enzyme cleavage sites and groups classified by RFLP assay of 63 Japanese isolates. The broken line indicates the classification capability of the polymorphism in the TK gene sequence that corresponds to that of the RFLP of the whole genome. f1-5Ј  13681313700  5Ј-GCTGCTGTTTGCTGTGCACC-3Ј  f1-3Ј  24720324700  5Ј-GGACGGTGATAGTAACGGGAT-3Ј  f2-5Ј  21426321445  5Ј-GTAGTGGTCATAGATCCGCC-3Ј  f2-3Ј  30073330052  5Ј-CCATGCGAAAGAAAAGAGGACT-3Ј  f3-5Ј  26198326220  5Ј-CATAGCTGGCAGTCGGCCTGGTT-3Ј  f3-3Ј  36063336041  5Ј-TGGATCGGCGCCATGCTGGCGGA-3Ј  f4-5Ј  40249340269  5Ј-GCCCCTCGTTCATGTAGGCCA-3Ј  f4-3Ј  50543350514  5Ј-GGAATGAACCCCAGACATAAAAAGTACAAC-3Ј  f5-5Ј  48804348825  5Ј-CTCTCGCATATGGACCCGTACT-3Ј  f5-3Ј  61519361496  5Ј-GGAGGCTCGGACAAGGTAACCATA-3Ј  f6-5Ј 58080358100
a Position of the primer sequence on the DNA sequence of the HSV-1 genome (10, 11). in serial isolates from a patient could reveal the appearance of an ACV-resistant mutant and its origin (13) . Moreover, in order to monitor the transmission of ACV-resistant mutants between individuals, large-scale sequence analysis of the TK genes from clinical isolates is required.
Conclusion.
We have shown that sequence analysis of the HSV-1 TK gene, on the basis of its polymorphism, is an easyto-use and effective method that is comparable to RFLP analysis for the identification and discrimination of HSV-1 strains.
Nucleotide sequence accession numbers. The nucleotide sequences of the HSV-1 TK genes have been submitted to the DDBJ database and have been assigned accession no. AB032866 to AB032890. 
